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Abstract. The data collected at the TeVatron Runlla have been used to look for supersymmetric 
charged Higgs boson and Left-Right suspersymmetric doubly charged Higgs boson. No signal of 
such bosons has been found and this note reports on the current analyses and their observed 
excluded domains in models parameter space. 

PACS. 14.80.Cp Non-standard-model Higgs bosons - 13.85.Rm Limits on production of particles 



1 Introduction 

The analyses reported in this note cover searches for 
charged and doubly charged Higgs bosons. The charged 
Higgs boson is a needed element of the Higgs sector 
of any supersymmetric model |T]. The doubly charged 
Higgs is here looked for in the context of Left-Right su- 
persymmetric theories [2]. The data samples used for 
the analyses have been collected by either the D0 
and CDF detectors during the RunHa of the TeVatron 
which collides proton and antiproton with a center-of- 
mass energy of 1.96 TeV. Depending on the analysis, 
the integrated luminosity used ranges from 192 pb^^ 
to 1.1 fb^"'^. The acceptances in pseudo-rapidity for 
both the CDF and D0 detectors are shown in table [T] 
Those pseudo-rapidities are implicitely used in all the 
analyses described in this note. 



2 MSSM charged Higgs 

The Minimal Supersymmetric Standard Model [I] re- 
quires a Higgs mechanism with two Higgs doublet lead- 
ing to the existence of a charged Higgs boson. At the 
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Table 1. Pseudo-rapidity acceptances for various recon- 
structed objects for the D0 and CDF detectors. 
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TeVatron, the direct production of pp H+H^ has 
a cross-section too low to provide sensitivity for the 
discovery of charged Higgs bosons Therefore, The 
charged Higgs is looked for in the decay of the top 
quark. Throughout this section, the signal searched 
for is 

pp — > tt -f X with one top decaying into H+b and the 
other into hlv where / is either an electron or a muon. 



2.1 lepton+tau searches 

The CDF collaboration reports a search for the signal 
of Sect. [2] in the case where the charged Higgs decays 
exclusively into a tau and a neutrino T . In this analy- 
sis, the tau is reconstructed only through its hadronic 
decays. The CDF tau identification uses a likelihood 
based on variables characterizing a tau [3]. Examples 
of such variables are isolation criteria in the tracking 
and the calorimeter or ratios of the transverse mo- 
mentum of the tracks composing the reconstructed tau 
candidates. Four different likelihoods are used depend- 
ing on the hadronic decay of the tau. The four likeli- 
hoods cover the following four kinds of tau decay topol- 
ogy : (1) one track and no 7r°, (2) one track and one 
or more 7r°, (3) three tracks with or without tt*^ and 
(4) two tracks with or without n'^ . The likelihoods aim 
at separating hadronically decaying taus from jets. A 
tau candidate is identified as a hadronically decaying 
tau if the likelihood is above 0.65. 

The analysis requires at least one electron or muon 
with a transverse momentum greater than 20 GeV/c, 
at least two jets with a transverse momentum greater 
than 25 GeV/c for the most energetic one and greater 
than 15 GeV/c for the second most energetic one. At 
least one jet should be identified as a b-jet using a b- 
jet identification algorithm based on displaced vertices. 
The missing transverse energy should be greater than 
20 GeV. Ht , the scalar sum of the transverse energy of 
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CDF Run II Preliminary (335 pb ') 
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Fig. 1. 95 % confidence level upper limit on the branching 
fraction of t ^ bH^ as a function of the charged Higgs 
mass. 

all calorimeter objects should be greater than 205 GeV 
and the event should contain exactly one recontructed 
tau lepton. 

The observed numbers of events in a data sample 
of 335 pb~^ are 4 for 1.90 ± 0.26 expected from the 
background in the electron+tau lepton channel and 
2 for 1.97 ± 0.27 expected in the muon+tau lepton 
channel. Observed and expected numbers of events are 
in agreement. An upper limit on the branching fraction 
oft bH+ (Br(t ^ bH+)) at the 95% confidence level 
is derived assuming a 100 % decay rate of H+ — > fv 
and a Standard Model cross section of pp — > tt + X of 
7.0 pb. The limit is shown as a function of the charged 
Higgs mass on figure [T] The red (resp. blue) line is the 
limit obtained by (resp. without) taking into account 
the background estimation uncertainties. 

2.2 Di-top analyses reinterpretation 

If the decay t H+b is opened, then it will compete 
with the Standard Model decay t W+b. H+ and 
W+ can decay into similar channel but with differ- 
ent branching ratios. The CDF collaboration reports 
a reuse of its previous analyses used in the measure- 
ment of the tt cross section to look for possible signs 
of decay of H+ |S] . The reused analyses are : 

— one muon or electron -I- one muon or electron, be- 
low referred to as the dilepton analysis ^ . 

— one muon or electron + jets with exactly one jet 
identified as a b-jet, below referred to as the lep- 
ton-l- jets(l tag) analysis [7]. 

— one muon or electron -I- jets with two or more jets 
identified as b-jets, below referred to as the lepton-|- 
jets(2 tags) analysis [7]. 

— one muon or electron -I- one hadronically decaying 
tau, below referred to as the lepton-|-tau analysis 

m. 

The original analyses, done with a data sample corre- 
sponding to 192 pb~^, are slightly modified to ensure 
that any selected event is selected exclusively by one 
of the four analyses. In the reinterpretation of the four 
analyses, the signal described at the beginning of sec- 
tion[2]is looked for assuming that the top quark decays 
only in W+b and 11+ b and that the 11+ can only decay 




Fig. 2. Left: expected number of events to be seen by each 
of the four analyses for the Standard Model only and Stan- 
dard Model-|-120 GeV/c^ charged Higgs as a function of 
tan l3. Right : posterior probability on tan /? (see text) as- 
suming the number of observed events equals the Standard 
Model expectation shown on the left. The region outside 
the blue band would be excluded. 

in the following four final states : t*b , cs , fvr , W+h°. 
Here the h° is reconstructed only through its decay in 
bb. If the H+ decays exclusively in ffr then the lep- 
ton-|-tau analysis will have an excess of events with 
respect to the Standard Model expectations while the 
dilepton and lepton-|-jets analyses will have a deficit of 
event. 

For the reinterpretation, one MSSM parameter is 
chosen, for example tan (3. The number of events ex- 
pected for each of the four analyses is computed for the 
Standard Model and for the Standard Model-^MSSM 
as a function of the MSSM parameter. Such expecta- 
tions are shown on the left of Figure [2] for a charged 
Higgs mass of 120 GeV/c^ and a set of MSSM pa- 
rameters described on figure [3l From these estimation, 
a likelihood based on Poisson probability to observe 
N events is derived for each analyses. The four like- 
lihoods, the number of observed events and a prior 
probability on the MSSM parameter are combined to 
derived a posterior probability as a function of the 
MSSM parameter. This posterior probability is then 
used to exclude some values of the MSSM parameter 
as illustrated on the right side of figure [2] for tan (3. 

The observed and expected number of events are 
displayed in table [2l From there, excluded regions in 
the charged Higgs mass - tan /3 plane are derived as 
shown on figure [31 On this figure, the red area is ex- 
cluded by the present analysis, the dark line is the 
Standard Model expected excluded area with its one 
standard deviation shown as horizontal black lines. 
For high tan /3, the charged Higgs decay mostly in 
fvr [5] . The same procedure using the parameter 
Br(t — > H+b) instead of tan /? leads to an upper limit 
on Br(t — > H+b) as a function of the charged Higgs 
mass shown on figure [4] which is comparable to the 
one shown on figure [TJ 
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Table 2. Standard Model (SM) expected and observed 
number of events for the tt analyses. The tt cross section 
is assumed to be 6.7 ± 0.9 pb. 
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Fig. 3. Observed (red) and expected (black line) 95 % 
confidence level exclusion region in the charged Higgs mass- 
tan /3 plane for MSSM parameters displayed on the figure. 
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Fig. 4. 95 % confidence level excluded region in the 
charged Higgs mass - Br(t H"'"b) plane assuming 
Br(H+ ^ fu^) = 1. 
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Fig. 5. Observed and expected 95 % confidence 
level upper limit on the cross section of the process 
pp — > H'''^H ± X as a function of the H^^ mass assum- 
ing a 100% decay rate for H^""" — > /i^/i"*". 

3.1 H++ ^ 
3.1.1 D0 analysis 



The D0 collaboration reports a search for the process 
pp — > H++H + X — > fj,~^ fi^ fi~ fj,~ + X using a data 
sample of 1.1 fb~^ [10]. The analysis requests the events 
to be selected by a di-muon trigger. Each muon used 
in the event should be isolated in the tracker and 
in the calorimeter and have a transverse momentum 
of at least 15 GeV/c. Muon pairs compatible with 
being due to the passage of a cosmic muon are re- 
jected. The events should contain at least one pair 
of like sign muons having a difference in azimuth less 
than 2.5 radians and an invariant mass greater than 
30 GeV/c^. The event should contain at least three 
identified muons. The analysis leads to 3 events ob- 
served for an expected background of 3.1 ±0.5. Assum- 
ing a 100% branching ratio of doubly charged Higgs 
into a muon pair, a 95% confidence level upper limit 
on the pp H++H~~ ± X cross section is derived as 
shown on figure [S] This translates into lower mass lim- 
its of 126.5 GeV/c2 for the H++ and 150 GeV/c^ for 
the H++. 



3 Doubly charged Higgs 

The supersymmetric version of Left-Right symmet- 
ric models predicts the existence of two light dou- 
bly charged Higgs 2J. One, HJ*^"*", couples only to left- 
handed fermions and the other, HJ^^, only to right- 
handed fermions. At the TeVatron, the main produc- 
tion channel is the pair production of H''"'^H through 
a 7/Z° s-channel exchange. The resulting cross section 
depends essentially on the H"*""*" mass and electroweak 
quantum numbers j^. For all the results presented in 
this section, lower limits on the Higss mass are derived 
from upper limits on the pp H++H ± X cross sec- 
tion using the cross section computed in [9] as a func- 
tion of the Higgs mass. 



3.1.2 CDF analysis 

The CDF collaboration reports a similar analysis as 
the one described in section 13.1.1! but for a data sam- 
ple of 242 pb^^^ll . In this analysis, events are se- 
lected if they fire a single muon trigger. The event 
should contain a pair of like sign isolated muons with 
an invariant mass greater than 80 GeV/c^. Pairs com- 
patible with being due to a cosmic muon are rejected. 
In total, this analysis selects no event for an expec- 
tation of 0.8 ± 0.5. Assuming a 100% decay rate for 
H++ M^M^j 95% confidence level lower limits on 
mass are derived. Those limits, shown on figure O are 
113 GeV/c2 for the H++ and 136 GeV/c^ for the H++. 
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3.2 other H++ decays 



Table 3. 95% confidence level lower mass limits on the 
doubly charged Higgs. 



Other decays looked for cover H++ c+c+, H++ 
e+ii+, H++ ^ e+T+ and H++ ^ ^+r+. 

The like sign dielectron signal is searched for in 
235 pb~^ of CDF data where events are selected if they 
fire a di-electromagnetic trigger and if they contain a 
pair of like sign isolated electron with a tranverse mo- 
mentum above 30 GeV/c. The invariant mass of the 
di-electron pair should be greater than 100 GeV/c^. No 
event is found for an expectation of 1.1 ±0.4 [11]. Cor- 
responding lower mass limits for the doubly charged 
Higgs are displayed in tabled 

The like sign electron-muon signal is looked for in 
240 pb"'^ of CDF data where events are selected if 
they fire a single electromagnetic trigger and contain 
a like sign pair made of an isolated electron and an 
isolated muon. The invariant mass of the pair should 
be greater than 80 GeV/c^. No event is found for an 
expectation of 0.4±0.2 [TT. Corresponding lower mass 
limits for the doubly charged Higgs are displayed in 
table H 

Like sign electron-f tau lepton and muon-|-tau lep- 
ton is searched for in the CDF data. For the elec- 
tron-|-tau lepton (resp. muon-|-tau lepton) analysis, it 
is required to have one isolated electron (resp. muon) 
with a transverse momentum above 20 GeV/c, a ha- 
dronic decaying tau lepton or an electron with a trans- 
verse momentum above 15 GeV/c and a hadronic de- 
caying tau lepton or an electron (resp. or an elec- 
tron or a muon) with a transverse momentum above 
10 GeV/c. The data samples are then divided accord- 
ing to the presence or absence of a fourth isolated 
high transverse momentum lepton. Extra selections 
based on di-lcpton masses, missing transverse energy, 
the scalar sum of missing transverse momentum and 
transverse momenta of all leptons are performed as 
described in [12]. No event is observed in data for an 
expectation of 0.24 ± 0.27 (resp. 0.04 ± 0.05) for the 
three (resp. four) leptons eletron+tau lepton sample 
and of 0.27 ± 0.125 (resp. 0.14 ± 0.05) for the three 
(resp. four) leptons muon-|-tau lepton sample. Data 
sample luminosity and observed lower mass limits are 
shown in table [3] 

Table [3] summarizes all the current TeVatron lower 
mass limits for the doubly charged Higgs boson for 
various decays and also for a search for Higgs as heavy 
charged particle decaying after the tracker [T3|. 
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